Abstract Epidemiologic studies report a protective association between non-steroidal anti-inflammatory drug (NSAID) use and hormone receptor-positive breast cancer risk, a finding consistent with NSAID-mediated suppression of aromatase-driven estrogen biosynthesis. However, the association between NSAID use and breast cancerspecific mortality is uncertain and it is unknown whether this relationship differs by hormone receptor status. This study comprised 935 invasive breast cancer cases, of which 490 were estrogen receptor (ER)-positive, enrolled between 1996 and 2001 in the Carolina Breast Cancer Study. Self-reported NSAID use in the decade prior to diagnosis was categorized by duration and regularity of use. Differences in tumor size, stage, node, and receptor status by NSAID use were examined using Chi-square tests. Associations between NSAID use and breast cancerspecific mortality were examined using age-and raceadjusted Cox proportional hazards analysis. Tumor characteristics did not differ by NSAID use. Increased duration and regularity of NSAID use was associated with reduced breast cancer-specific mortality in women with ER-positive tumors (long-term regular use (C8 days/month for C 3 -years) versus no use; hazard ratio (HR) 0.48; 95 % confidence interval (CI) 0.23-0.98), with a statistically significant trend with increasing duration and regularity (ptrend = 0.036). There was no association for ER-negative cases (HR 1.19; 95 %CI 0.50-2.81; p-trend = 0.891). Long-term, regular NSAID use in the decade prior to breast cancer diagnosis was associated with reduced breast cancer-specific mortality in ER-positive cases. If confirmed, these findings support the hypothesis that potential chemopreventive properties of NSAIDs are mediated, at least in part, through suppression of estrogen biosynthesis.
Introduction
Non-steroidal anti-inflammatory drug (NSAID) use is associated with 10-20 % reduced risk of breast cancer [1] [2] [3] , with similar effect estimates for aspirin use alone [1] [2] [3] [4] [5] . A previous analysis using data from the Carolina Breast Cancer Study reported that NSAID use was associated with reduced breast cancer incidence [6] , and several other epidemiologic studies have reported that this protective effect of NSAID use on breast cancer risk is strongest for hormone receptor-positive tumors [7] [8] [9] [10] .
The anti-inflammatory properties of NSAIDs are mediated via cyclooxygenase (COX) inhibition which in turn reduces prostaglandin levels, resulting in down-regulation of the aromatase pathway and decreased estrogen biosynthesis [11, 12] . The inverse association between NSAID use and risk of hormone receptor-positive breast cancer is consistent with this NSAID-mediated suppression of estrogen biosynthesis. However, evidence for an association between NSAID use and breast cancer-specific mortality is conflicting. Although one study reported that aspirin use was associated with reduced breast cancerspecific mortality [13] , three studies reported no association between NSAID or aspirin use and breast cancerspecific mortality [14] [15] [16] . Only a single study examined the association between aspirin use and breast cancerspecific mortality by estrogen receptor (ER) status and found no evidence of differential effects by ER status [13] . Notably, these studies were limited by small numbers of breast cancer-specific deaths [14, 16] , incomplete NSAID exposure assessment, focusing on aspirin and/or ibuprofen use only [13, 16] , or examination of regularity of NSAID use without taking duration of use into account [14] .
The objective of this current study was to examine the association between use of prescription and non-prescription NSAIDs and breast cancer-specific mortality within the population-based Carolina Breast Cancer Study. Given evidence that NSAIDs reduce estrogen biosynthesis via inhibition of aromatase activity, we hypothesized that there would be a stronger protective association between NSAID use and risk of breast cancer-specific mortality in women with ER-positive tumors.
Methods

Study population
The Carolina Breast Cancer Study is a population-based, case-control study conducted in North Carolina (NC) between 1993 and 2001 [17] . This study was approved by the Office of Human Research Ethics at the University of North Carolina at Chapel Hill and informed consent was obtained from each participant. The present study includes 935 women with invasive breast cancer who were interviewed between 1996 and 2001 and provided information on NSAID use. Briefly, cases of invasive breast cancer were identified using rapid case ascertainment in cooperation with the NC Central Cancer Registry. All women who agreed to participate were interviewed in person by a registered nurse using a standardized questionnaire to collect information on established and suspected breast cancer risk factors, including prescription and non-prescription medication use. Tumor size, stage, and lymph node status were abstracted from medical records. Estrogen receptor (ER) and progesterone receptor (PR) status were abstracted from medical records for 80 % of participants [18] . For the remaining 20 % of participants, tumor tissue was sectioned and stained for ER and PR at the Immunohistochemistry Core Laboratory at the University of North Carolina.
Exposure assessment
Women were shown photographs of commonly used NSAIDs and asked to report non-prescription and prescription NSAID use during the past decade. Assessment of duration and regularity of NSAID use is described in detail by Moorman et al. [6] . Briefly, women who reported NSAID use C8 days a month for C3 months were categorized as regular users. Regular users were further categorized by duration of use (\3 vs. C3 years). Women who reported NSAID use \3 months or who reported sporadic use (B7 days a month) regardless of duration were categorized as occasional users. Acetaminophen has a COXindependent mechanism of action, so was included in the ''no use'' category. Women were also asked the reason for NSAID use, and could select multiple reasons from a list which included arthritis, bursitis or rheumatism, back pain, surgical/dental pain, menstrual cramps, injury, or other.
Outcome assessment
Vital status was determined through December 31, 2011 through linkage with the National Death Index, which provided date and cause of death for each individual. Using international classification of disease (ICD) codes, we categorized cause of death as either breast cancer-specific (ICD-9 code 174.9 or ICD-10 code 50.9) or other cause of death based on the first listed primary cause of death.
Statistical analysis
Age and race were selected a priori to be potential confounders of the association between NSAID use and risk of breast cancer-specific mortality. We also considered the following variables as potential confounders: education level, body mass index (BMI), and menopausal status. Chisquare tests were used to examine the distribution of these potential confounders according to NSAID use and to examine differences in tumor characteristics between NSAID users and non-users.
Individuals who died of causes other than breast cancer were censored at time of death and living individuals were censored on December 31, 2011. We modeled breast cancer-specific survival curves according to categories of duration and regularity of NSAID use versus no use using the Kaplan-Meier method and we compared survival curves using log-rank analysis. The proportional hazards assumption was met for each variable. We then conducted Cox proportional hazards analysis to test the association between categories of duration and regularity of NSAID use versus no use and risk of breast cancer-specific mortality among all invasive cases and within strata defined by hormone receptor status. We tested for linear trend with increasing duration and regularity of NSAID use using by assigning the median value to each NSAID category. We stratified both by ER status (ER ? vs. ER-) and by positive hormone receptor status (ER ? or PR ? vs. ERand PR-). Hazard ratios (HRs) were adjusted for age and race (African American (AA), non-AA). We also explored the effect of adjusting HRs for menopausal status (pre-, postmenopausal) and education level (\ high school, high school graduate, [ high school). Given the lack of association between NSAID use and BMI in this population, models were not adjusted for BMI. All analyses were conducted using SAS version 9.3 (SAS Institute, Cary, NC). Statistical tests were two-sided, and p values \ 0.05 were considered statistically significant.
Results
Baseline characteristics of breast cancer cases stratified by NSAID use
The majority of study participants reported NSAID use; 84 (11.5 %) breast cancer survivors and 25 (12.1 %) women who died of breast cancer were categorized as non-users. Breast cancer cases who reported NSAID use were younger than non-users (p = 0.029), had a higher level of education (p = 0.029) and were more likely to be premenopausal (p = 0.029; Table 1 ). There were no differences in race or BMI according to NSAID use (p = 0.259 and p = 0.634, respectively).
We compared reasons for NSAID use between categories of duration and regularity of NSAID use (Online Resource 1). Relative to occasional users, long-term regular NSAID users were significantly more likely to cite chronic conditions including arthritis, bursitis or rheumatism (50.3 % of long-term regular users versus 14.8 % of occasional users; p \ 0.0001), and back pain (27.1 % of long-term regular users versus 17.6 % of occasional users; p = 0.006) as reasons for NSAID use. Conversely, occasional users were more likely to cite acute conditions including menstrual cramps (18.6 % of occasional users versus 11 % of long-term regular users; p = 0.009) and headache (68.2 % of occasional users versus 51.9 % of long-term regular users; p \ 0.0001).
Tumor characteristics of NSAID users
Although there was a suggestion that ER-positive and ER or PR-positive breast cancer was less common among NSAID users, these associations were not statistically significant (p = 0.149 and p = 0.135, respectively; Table 2 ). There were no strong or significant associations between NSAID use and tumor stage, node status or tumor size (all p [ 0.5; Table 2 ).
NSAID use and breast cancer-specific mortality Overall, 181 (21.9 %) NSAID users and 25 (22.9 %) nonusers died of breast cancer (log-rank p = 0.808; Fig. 1a ) during a median follow-up period of 13 years (interquartile range; 8-14 years). Among all invasive cases, increased duration and regularity of NSAID use was not associated with breast cancer-specific mortality on unadjusted analysis (log-rank p = 0.221; Fig. 1b) . After adjusting for age and race, although there was no association between NSAID ever use and risk of breast cancer-specific mortality (use versus no use; HR 0.93; 95 %CI 0.61-1.41; Table 3) , there was a suggestion that increasing duration and regularity of NSAID use was associated with a reduced hazard ratio of breast cancer-specific mortality, although this was not significant (NSAID use C8 days/month for C3 years versus no use; HR 0.71; 95 %CI 0.42-1.21; ptrend = 0.105; Table 3 ). Among ER-positive cases only (n = 490), 76 (17.8 %) NSAID users and 16 (25.0 %) non-users died of breast cancer (log-rank p = 0.089; Fig. 1c) . Increased duration and regularity of NSAID use was not associated with breast cancer-specific mortality on unadjusted analysis (log-rank p = 0.141; Fig. 1d ). However, after adjusting for age and race, increased duration and regularity of NSAID use was significantly associated with a reduced hazard ratio for ERpositive breast cancer-specific mortality (regular use C3 years versus no use; HR 0.48; 95 %CI 0.23-0.98; Table 3 ), with a significant trend across categories of increasing duration and regularity of NSAID use (ptrend = 0.036). When duration and regularity categories were collapsed to create a single NSAID use category, there was a reduced hazard ratio among women with ERpositive tumors (use versus no use; HR 0.63; 95 %CI 0.37-1.09; Table 3 ). In contrast, among women with ERnegative breast cancer, use of NSAIDs had an elevated, but imprecise hazard ratio (use versus no use; HR 1.46; 95 %CI 0.71-3.01; Table 3 ) and there was no association between increased duration and regularity of NSAID use and breast cancer-specific mortality (regular use C3 years versus no use; HR 1.19; 95 %CI 0.50-2.81; ptrend = 0.891). Further adjustment of our models for menopausal status and education level had no appreciable effect on our estimates (data not shown). Finally, these associations were similar when we stratified women into groups based on both ER and progesterone receptor (PR) positivity (ER-or PR-positive versus ER-and PR-negative; data not shown).
Discussion
Evidence from preclinical models [19, 20] and epidemiologic studies [3] supports a potential role for NSAIDs in breast cancer chemoprevention. Using data from the population-based Carolina Breast Cancer Study, we found that increasing duration and regularity of NSAID use within the decade prior to diagnosis was associated with reduced breast cancer-specific mortality in women with ER-positive tumors. This association was not observed among women with ER-negative tumors, suggesting that the protective effect of NSAID use on breast cancer-specific mortality may be limited to hormone-dependent breast cancer. These results are consistent with the hypothesis that the potential chemopreventive and tumor suppressive properties of NSAIDs are mediated, at least in part, through suppression of estrogen biosynthesis.
NSAIDs inhibit activity of COX-2, a key enzyme in prostaglandin synthesis with an established role in inflammation and carcinogenesis [21] . While normal breast tissue expresses low levels of COX-2, approximately 40 % of invasive breast tumors overexpress this enzyme [11, 22] and elevated levels are associated with increased risk of breast cancer-specific mortality [23] . Given that COX-2-mediated prostaglandin production promotes estrogen biosynthesis via up regulation of the aromatase pathway [12] , there is biologic rationale to support a role for NSAIDs in ER-positive breast cancer [11] . Indeed, NSAID use is associated with reduced serum estradiol levels in women with breast cancer [24] , which may impact growth of estrogen-responsive tumors. Several studies have found the protective effect of NSAID use on breast cancer incidence to be restricted to hormone receptor-positive breast cancer [7] [8] [9] , although others reported no difference in this association according to hormone receptor status [25] [26] [27] [28] [29] [30] [31] .
Few studies have examined the association between NSAID use and breast cancer-specific mortality, and only one conducted stratified analysis by ER status [13] . While this prior study found no evidence of effect modification by ER status (p-interaction = 0.52), their results were limited to assessment of aspirin use only and there was a reduced sample size for which ER status was available [13] . In this * Chi-square test study, we were able to examine all prescription and nonprescription NSAIDs using a population-based dataset of over 900 incident cases over 13 years of follow-up. Our results should be considered in light of the study's strengths and limitations. First, confounding by indication is an important consideration in observational studies of NSAID use. To ascertain whether long-term regular NSAID users were more likely to suffer from chronic conditions, we documented the reason for NSAID use. As anticipated, we found that long-term regular users were more likely to use NSAIDs to control symptoms of arthritis, relative to occasional users. While a possible association between arthritis and increased risk of breast cancer-specific mortality has not been consistently reported [32, 33] , such an association would likely result in uncontrolled bias in our results. However, the direction of bias would likely be toward the null and, as such, our analysis may have underestimated the strength of the association between long-term regular NSAID use and risk of breast cancer-specific mortality. Moreover, a previous study found that a diagnosis of arthritis did not modify the association between NSAID use and breast cancer risk [25] . Second, we lacked treatment data in Carolina Breast Cancer Study Phase 2, and so could not examine interactions between NSAID use and breast cancer treatment. Third, we did not collect information on post-diagnosis NSAID use. However, long-term regular users were more likely to use NSAIDs to control chronic conditions, suggesting they would be likely to continue regular NSAID use post-diagnosis. While occasional users who reported NSAID use for menstrual cramps may have been less likely to continue NSAID use if they experienced treatmentinduced menopause, the majority of occasional users cited headache as the reason for NSAID use, and this condition would not be expected to be altered by breast cancer diagnosis or treatment. Thus, while we would expect similar patterns of NSAID use post-diagnosis, future studies should explore the association between post-diagnosis NSAID use and risk of breast cancer-specific mortality.
These limitations are balanced by an important strength of this study. Most previous studies did not collect complete NSAID use information, focusing solely on aspirin and ibuprofen use [13, 15, 16] . Incomplete NSAID use data may attenuate the association between NSAID use and breast cancer, since many ''unexposed'' women may have taken NSAIDs that were not ascertained during data collection, particularly given the widespread use of NSAIDs. In this study, we attempted to collect complete information on all prescription and non-prescription NSAID use, and improved recall to the best of our ability by showing photographs of commonly used NSAIDs to each participant. This study is also strengthened by long follow-up and by inclusion of a large number of African American women, allowing our results to be generalized to a diverse population of women. This is the first study, to our knowledge, to report a protective association between NSAID use and breast cancer-specific mortality which is limited to ER-positive tumors. This finding is supported by extensive preclinical and epidemiologic evidence for a role of COX-2 inhibition in ER-positive breast cancer. Several clinical trials in breast cancer patients have suggested that combining COX-2 inhibitors with aromatase inhibitors may improve efficacy of aromatase inhibitors in patients with ER-positive tumors [34, 35] . However, while these trials support a role for targeting COX-2 in breast cancer treatment, the clinical utility of selective COX-2 inhibitors is limited due to increased risk of serious cardiovascular events [36, 37] . Thus, if confirmed, our results provide additional rationale for exploring a potential role for NSAIDs in breast cancer treatment.
Conflict of interest
The authors declare that they have no conflicts of interest.
Funding This work was supported by a SPORE in Breast Cancer [P50-CA058223] and the University Cancer Research Fund, University of North Carolina at Chapel Hill.
